Though positive impacts on rural development can be observed in diversified agriculture, statistical indicators have shown that agricultural diversification in Asian countries has stagnated over recent decades. Technological development is a dominant factor in determining the extent of diversification. A questionnaire survey was conducted with 259 respondents in eight Asian countries to establish the respondents priority of technological development goals that will potentially enhance agricultural diversification. The expected impacts of realizing these developments are also analyzed. The results showed that the development of pest tolerant crop varieties as well as economical measurements to improve soil fertility are given the highest priority among the 15 Research and Development (R&D) topics surveyed. Significant differences are observed among the responses received from researchers, extension staff and farmers, which indicate that awareness gaps regarding technological development exist among these stakeholders. Further efforts are necessary to formulate R&D activities to meet the demands of the farmers; the users of the technologies.
I. INTRODUCTION
The purpose of this article is to examine the priority of research and development topics as classified by respondents to a survey in order to achieve poverty alleviation through diversified agriculture in selected Asian countries.
'Agricultural diversification' means: transforming agriculture from major cereal (rice/ wheat) dominated cropping systems to more diversified systems, especially by promoting secondary crop production; or to integrate agricultural production with marketing or processing. Agricultural diversification has various positive impacts on development, including poverty alleviation, risk mitigation and enhanced sustainability. Among the avenues that lead to diversified agriculture, technological development represents one of the most important measurements. However, most of the Governments in the developing Asian region face financial difficulties and investment in R&D activities is very limited. While 22 high-income countries accounted for 44 per cent of global public agricultural R&D spending in 2000, 117 developing countries accounted for the remaining 56 per cent (ISNAR, 2005) . This highlights the difficulty developing countries have in meeting all their technological development needs with their limited financial and human resources. Therefore, prioritization of R&D activities is important to foster technological development effectively. The study was conducted as part of a research project: "Identification of Pulling Factors for Enhancing the Sustainable Development of Diverse Agriculture in Selected Asian Countries (AGRIDIV)", coordinated by ESCAP and CAPSA (Centre for Alleviation of Poverty through Secondary Crops' Development in Asia and the Pacific). Eight countries (Bangladesh, India, Indonesia, Lao People's Democratic Republic, Myanmar, Sri Lanka, Thailand and Viet Nam) participated in the project.
II. AGRICULTURAL DIVERSIFICATION AND ITS IMPLICATIONS ON POVERTY ALLEVIATION
Whereas the diet of the populations of developing Asian countries formerly consisted of a diversified mix of coarse grains, pulses, and root and tuber crops, there has been a shift away from these foodstuffs. Major cereals, especially rice, have become the staple food in the consumption basket of Asia (figure 1). This trend was partially induced by two factors, namely technological development and policy intervention.
Technological development is a combination of improved plant varieties, high yielding varieties, and modern cultivation techniques, such as the extensive use of chemical fertilizers, pesticides, irrigation and machinery, known as the "green revolution": it has achieved significant yield increases for rice and wheat. Furthermore, most countries have instituted supporting policies to expand major cereal production and stabilize prices to maintain food prices at lower levels to protect consumers.
There is no doubt that these "favoured-crop-biased policies" contributed to the improvement of access to food in the region. However, as financial sources became scarce, supporting policies centered on major cereals became a burden to the governments. Moreover, since the intensive efforts to improve rice yields have almost exploited the full potential yield, it is not surprising that producers have recently experienced a slowdown in the improvement of productivity (table 1) .
Given these trends, initiatives at the decision and policymaking level must be taken and implemented to seek and provide ways and means to enhance agricultural diversification that enables sustainable development in developing Asian countries. Agricultural diversification is recognized as horizontal diversification or vertical diversification in relation to the direction in which the farm economy proceeds. Horizontal agricultural diversification involves diverse activities undertaken
Figure 1. Food crop consumption in Asia
Source: Calculated from FAOSTAT (www.fao.org).
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Various positive impacts can be observed in diversified agriculture. Three major effects should be noted: poverty alleviation, stabilization and sustainability. The process of diversifying a rural economy can be a significant source of income growth for rural inhabitants. A well-diversified and flexible agricultural economy provides more stable incomes when commodity prices are unstable. Additionally a diversified cropping pattern may prove more sustainable in the long run than the intensive cultivation of a single crop (Timmer, 1992) .
The term 'secondary crops' is usually used to indicate crops which are cultivated after rice harvested in the same fields (Sukartono and others, 2004) . In this article, we define the term secondary crops as upland crops with a central focus on coarse grains, pulses and root and tuber crops. In the context of agricultural diversification, high-value commodities such as vegetables, fruits, animal husbandry and aquaculture usually receive more attention because farmers can expect higher returns. However, for small-scale farmers, especially in disadvantaged areas, they often cannot afford the initial investment to set up high-value commodity production. Though the value of coarse grains, pulses as well as root and tuber crops is not very high, the production costs of these crops are less and most of them can be grown even under unfavourable conditions such as in exclusively rain-fed areas. In addition, these crops have good potential to be used as raw materials for industrial uses, from traditional agro-processing like snacks to new materials such as biodegradable plastics. If these opportunities can be developed properly, farmers can expect higher incomes and also to improve their welfare.
III. CONSTRAINTS ON AGRICULTURAL DIVERSIFICATION IN ASIAN COUNTRIES

Trends of agricultural diversification
As mentioned in the previous chapter, agricultural diversification can have positive impacts on the welfare of rural poor people. However, well diversified agriculture has not yet been realized in many Asian countries. To overview the recent trend of agricultural diversification, the Simpson Index (SID) of East and South-East Asia, South Asia and eight Asian countries is shown in table 2. SID is one indicator that can quantify the degree of horizontal diversification. It is often used to quantify the biodiversity of a habitat in ecology but can also be used to illuminate the degree of diversity in cropping patterns. SID is defined as follows:
Where Xi is the value or area of the i th commodity and Wi is the proportionate value or area of the i th commodity in the total value or area. The minimum value of SID is 0 (the least diversified) whereas the maximum value is 1 (the most diversified).
SID in this article is calculated from the harvested area of ten crop groups; 1) rice; 2) wheat; 3) coarse grains; 4) roots and tubers; 5) pulses; 6) oil crops; 7) vegetables; 8) fruits and nuts; 9) spices and amenities of life (coffee, tea, tobacco, etc.); and 10) rubber and textiles. 
Note:
Three year average of harvested area was used for SID calculations to avoid the affect of annual harvest change caused by crop failure. During the period 1980-2000, the SID of Group 1 remained above 0.75, whereas the SID of Group 3 remained below 0.5. The most remarkable increase of a SID was observed in the Lao People's Democratic Republic. Meanwhile, the SID of Bangladesh remained low with small fluctuations. Among the high SID countries, Indonesia and Sri Lanka reduced their SID meanwhile the SID of India has been stable for the latest 15 years. As a region, SID in East and South-East Asia have dropped over the last 10 years, meanwhile, no change has been observed in South Asia.
Constraints and driving factors to agricultural diversification
Though a remarkable SID increase was observed in the Lao People's Democratic Republic, SID has stagnated in the other countries and the region as a whole. Taylor (1994) indicated eight critical areas requiring attention for agricultural diversification, which include technological development, input supply and delivery systems, physical infrastructure, dissemination of information, organizational structures, development of markets, human resource development and public policies. In this chapter, we would like to focus on several factors and consider how they constrain or enhance agricultural diversification.
(1) Technological development
In the AGRIDIV project, we tried to identify the major constraints to agricultural diversification in the participating countries based on statistical data analysis and a rural survey. Out of the 80 factors suggested by the individual country studies, more than half relate to technological problems (table 3) . Of course, the numbers assigned to the factors do not indicate their degree of seriousness. Moreover, previous experience has shown that technological development itself cannot necessary solve the problem of poverty, unless the developed technologies are properly accepted by farmers and implemented concurrently with other supporting measurements. Even so, technological development should be the first priority, taking into consideration the amount of prior investment in R&D for secondary crops.
Technological development of secondary crops has been very low primarily due to the limited financial resources of each Government. It is difficult to estimate the extent of financial resources that have been allocated to R&D activities for secondary crops. However, some factors indicate how little attention is paid by Governments to secondary crop development. For example, in Myanmar, less than 1 per cent of the total expenditure of the Myanmar Agricultural Service (MAS), which is the main technical body of the Ministry of Agriculture and Irrigation, is allocated to the Central Agricultural Research Institute (CARI), which is chiefly responsible for research on secondary crops (Kyi, 2005) . However, thanks to the limited interest shown in secondary crops, they still have room to be developed, while the yield of rice has faced stagnation over the past several years, in spite of continuous research efforts.
If governments allocate more resources to agricultural diversification, higher returns can be expected. This is because secondary crops have good profitability and comparative advantage, especially in rainfed upland areas. For example, analysis of the Domestic Resource Cost Ratio (DRCR), which is the indicator to show comparative advantage of crop production (Pearson, S.R. and others, 1976) showed that in Indonesia most secondary crops, except soybean, have a comparative advantage in the international market (Siregar, 2006) .
(2) Inputs
Lack of effective marketing systems and the very limited access of farmers to credit with which to purchase inputs are the major impediments for securing adequate input supplies. Poor farmers in Bangladesh, for example, do not use the required material inputs for crops due to financial constraints (Alam, 2005a) . In the Lao People's Democratic Republic, shortages of improved seeds and planting materials to foster crop diversification exist due to the absence of private input suppliers and the high price of imported materials (Douangsavanh and others, 2006) .
As countermeasures to these problems, subsidy schemes have been implemented in various countries. The average quantity of fertilizer applied in developing countries is still far below developed countries (table 4) . Moreover, most fertilizer application in developing countries is concentrated on major cereals and limited number of commercial crops. Therefore, the level of input use for secondary crop production is estimated to be quite low. The marginal productivity growth of the secondary crops is greater than that at the major cereal crops per unit of fertilizer input. In addition to institutional improvements, technological improvements such as site-specific fertilizing to maximize efficiency and the promotion of organic material use through the establishment of farmers group (to conduct collective activities that produce green manure) are also effective and more economical ways of addressing the constraints. 
(3) Marketing
One common problem of secondary crop marketing in developing countries is the high costs attributable to inefficiency in the commodity chains. This is primarily because the marketing systems for secondary crops are yet to be well developed while major crops enjoy sufficient support from the government to improve the marketing systems, such as infrastructure and the dissemination of market information.
Contract farming between producers and consumers is one effective solution to improve market efficiency. Contract farming can provide mutual benefits to both producers and consumers, if effectively implemented. In Sri Lanka, maize farmers who began contract farming for feed millers earn higher prices than other farmers, while the feed millers can secure the raw material for feed processing (Mahrouf, 2006) . However, partnerships between farmers and consumers are not easy to develop. For example, cassava farmers in Indonesia are sometimes suspicious about the way in which starch processors determine the quality of crops due to moisture and starch content, while the latter may insist on price cuts on the grounds of low crop quality, which is sometimes difficult to justify (Siregar and others, 2006) . Though contract farming is a pure private commercial activity, coordination by a third party is required until the system matures. To foster mutual trust between the parties, intervention from the public sector will be necessary to make clear and fair rules for contract farming and to provide a monitoring system for the contract in its formative stage.
(4) Infrastructure and information
Irrigation systems in developing Asian countries have been constructed mainly for major cereal production and the irrigation coverage for secondary crops is lower than other (cash) crops. In India, while 65 per cent of the cropped area of major cereals is covered by irrigation, only 12 per cent of coarse cereals and 13 per cent of pulses are covered (Singh and others, 2005b) . It is difficult to expect significant growth in irrigated areas in the future because: (i) the existing favourable land frontier in Asia has almost been exhausted; (ii) the exploitation of remaining irrigation potential is very costly, therefore, unbearable; (iii) large-scale irrigation projects have raised environmental concerns; and (iv) the maintenance of existing schemes has diverted public funds. Considering these constraints, we should focus on small-scale irrigation schemes using tube wells and small tanks, which can be developed and managed by resource poor farmers with proper financial and technological support from the government. Storage facilities are another focus of secondary crop marketing. Since most secondary crop farmers are poor and lack access to storage facilities, they are forced to sell their products immediately after harvest. This deprives the farmers of their liberty to decide when to sell their product, resulting in lower incomes. Dissemination of information regarding secondary crops is another concern. The urgent requirement is for price and market information be available in order to help farmers decide when to harvest their crops to maximize profit. Standards should also be established to help level the transactional playing field between farmers and consumers.
(5) Processing
The share of secondary crops consumed in the daily diet in Asia, has decreased continuously in recent decades (figure 1). Though the role of secondary crops is still important for people in disadvantaged areas who face difficulties in securing rice, the importance of secondary crops as staple foods has diminished due to the expansion of rice production and economic development in the region has made it easier for people to access major cereals.
In spite of this trend, the production of secondary crops is expanding due to the wide variety of uses as raw materials for industry. It is well-known that these crops are widely used for processed food, local snacks, starch and edible oil. 'Traditional processing' creates employment opportunities for rural people, particularly for women who are more vulnerable to poverty in rural areas. Though the scale of traditional processing units is small, their profitability is sometimes superior to that of more modern processing units. The income per production unit of traditional snack processors in Bangladesh is far better than the gross national income (GNI) per capita (table 5) . Most secondary crops excel in nutrient value, compared to major cereals. Millet contains twice as much energy, four times as much protein, and nine times as much fat as rice. Mungbean contains three times more iron than spinach.
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In addition to "traditional" processing, "modern" processing using recently developed technologies enables a new dimension to secondary crop consumption. Biodegradable plastics and biofuels are typical product examples of modern processing. Biodegradable plastics can be used in the same way as conventional plastics but decompose in water and carbon dioxide with the action of naturally occurring microorganisms such as bacteria and fungi. One of the major biodegradable plastics is polylactic acid, which originates from crop starch. Biodegradable plastics have the potential to substitute 30 per cent of total world plastic production, which is approximately 100 million metric tons. (ARI, 1996) . Biofuels are liquid fuels for transportation, which are made from various kinds of biomass. The most common types of biofuels are ethanol made from carbohydrates and biodiesel made from vegetable oil. Food crops which are rich in carbohydrates or oil are used as raw materials for biofuel. The share of alcohol fuel in gasoline consumption in the United States of America was about 2. Labour cost (TK) (5) 2 000 2 250 57 600 20 000 53 600 36 000 5 500 2 000 2 500 Total income (6) 
IV. ANALYSIS OF R&D PRIORITIES
To support policy planners in deciding how to allocate resources for R&D activities in an appropriate manner, a questionnaire survey was conducted in the eight Asian countries (Bangladesh, India, Indonesia, Lao People's Democratic Republic, Myanmar, Sri Lanka, Thailand and Viet Nam) that participated in the AGRIDIV project.
Methodology
The questionnaire survey consists of two parts: step 1 and step 2.
Step 1 includes questions about the profile of respondents.
Step 2 is designed to reveal the importance, expected effects and expected support necessary for 15 R&D topics concerning agricultural diversification (table 6). The questionnaire was designed by referring to the survey sheet used for the Technology Forecast Survey, conducted by the Ministry of Education, Culture, Sports, Science and Technology of the Government of Japan (NISTEP, 2001 ).
The 15 R&D topics were collected from the study results of the AGRIDIV country studies. As mentioned in the previous chapter, 43 technological constraints to agricultural diversification were identified in the project. From the total list, the 15 most frequent constraints were selected for this survey, which seemed to represent common problems in the region and could significantly contribute to poverty alleviation in rural areas (table 7) .
The questionnaires were distributed to collaborators of the study in their respective countries in February 2005. The collaborators were requested to select respondents for the survey who worked in the field of agricultural technological development. All the answer sheets were collected by the collaborators after completion by the respondents and returned to CAPSA by July 2005.
Results and discussions (1) Profiles of respondents
The total number of respondents was 259 from eight countries. 41 per cent of the respondents are researchers followed by extension staff 14 per cent. 44 per cent of the respondents belong to research institutes followed by universities 15 per cent (tables 8, 9). Step 2 A) the degree of the respondent's expertise in the respective research topics (Choose from the options below)
High: You have considerable knowledge as a specialist about the topic through current research or work related to the topic.
Medium:
You were once engaged in research or work related to the topic; or have some specialist knowledge about the topic through research or work in a similar field. 
(2) Priority of R&D topics
The respondents were requested to evaluate the priority of the R&D topics by selecting their answer from four options: "high" (extremely important), "medium" (important), "low" (somewhat important) and "unnecessary" (not important). The answers from respondents who indicated they have no expertise of the topic were excluded from further analysis. The degree of importance of the topics was estimated by calculating the 'Importance Index (I-Index)'. Each option was assigned a weight, ranging from 1 to 0, according to the importance of the topics.
If all the respondents answered "high" for a specific R&D topic, the I-Index would be 100, while if all the respondents answered "unnecessary", the I-Index would be zero. Table 10 shows the I-Index of all the surveyed R&D topics calculated using the answers of all the respondents from the eight countries. "Pest tolerant variety" received the highest I-Index as well as "economical soil improvement". The I-Index of the other four R&D topics, namely, "effective input use", "soil conservation", "stress tolerant variety" and "food/feed processing technology" received almost the same level, which were equal to or more than 80. In this paper, we would like to select these six R&D topics as priority R&D topics for further analysis. Conversely, "consumer preference survey" followed by "intercropping technology" and "labour-saving technologies" received the lowest I-Index.
Comparing the I-Index among the respective eight countries, "labour saving technologies" has the largest standard deviation (SD=11.5), followed by "water management technologies" (SD=11.3). For the former, Sri Lanka received the highest I-Index, while the I-Index of the other seven countries was less than 70. As for the latter, the I-Index of Sri Lanka is also the highest and is the only country whose I-Index is greater than 90.
One salient feature of agriculture in developing Asian countries is the low productivity of labour and excess of labour in rural areas due to a lack of labour absorption in the industrial sector (Yamada, 1992) . The results of evaluating the priority of R&D topics, as determined by respondents, show that these characteristics are clearly recognized. Cost-saving technologies, such as technologies to improve soil fertility using local resources (green manure crops, compost, etc.) and the development of varieties with high pest tolerances, which can reduce chemical fertilizer and pesticide usage are recognized as the most important of the 15 R&D topics. Meanwhile, "labour-saving technology" received a low priority evaluation, which will contribute to cost reduction, (because no money need be spent developing the technology), but may result negatively on employment unless alternative job opportunities are created.
If we compare the results of respective countries, we find that some countries have different tendencies for R&D prioritization. Unlike the other seven countries, Sri Lanka generated high priority responses to "labour-saving technology". This seems attributable to the fact that labour saving is a key issue in Sri Lanka. The per capita gross national income of Sri Lanka is the second highest of the surveyed countries (World Bank, 2005) . As a consequence, the agricultural wage rate is supposed to be higher than other countries in the survey group. In addition, the reconstruction project related to the tsunami disaster in 2004 accelerated Against this backdrop, labour-saving technologies are of exceptionally higher priority in Sri Lanka.
Water is becoming a precious resource in the world due to global climate change and the burgeoning world population. Especially in Sri Lanka, water shortages have been a serious problem in the dry zone and the farmers have on established traditional tank-irrigation system. The highest I-Index for "water management technology" reflects the long experience of water management in Sri Lanka though the difference is not as significant as "labour-saving technology".
(3) Expected outcomes of implantation of the R&D topics
The results of the survey on the expected outcomes of R&D topics are shown in table 11. Among all the respondents in the eight countries, 80 per cent or more agreed that "poverty alleviation" would be achieved through the technological development of "intercropping technology" and "pest tolerant variety" (indicated as "A" in table 11). As for the outcome of "socio-economic development", 80 per cent or more of respondents answered "cheaper machinery", "labour-saving technology", "pest tolerant variety", "food/feed processing technology", "consumer preference survey" and "socio-economic survey" would have positive impacts (indicated as "A" in table 11). "Economical soil improvement", "soil conservation", "pest tolerant variety", "economical pest control" and "decreasing contamination" are the topics which 80 per cent or more respondents thought would contribute to "environmental issues" (indicated as "A" in table 11). There were no R&D topics surveyed for which more than 50 per cent of respondents thought implanting action would increase "intellectual resources".
Figure 2 displays compiled results from respondents and shows the number of countries for which 80 per cent or more of respondents answered that the specific technologies would contribute to poverty alleviation. In six countries, 80 per cent or more answered "intercropping technology" would contribute to poverty alleviation. Conversly, no country achieved 80 per cent affirmation by respondents for "soil conservation", "labour-saving technology", "decreasing contamination" or "consumers' preferences survey".
(4) Relationships between priority and expected effects
By analyzing the results of the survey on the three expected outcomes, namely, "poverty alleviation", "socio-economic development" and "environmental issues", we can examine why six R&D topics were classified with higher priority (I-Index=80 or more) in the surveyed region.
Among the options of expected outcomes, "poverty alleviation" can be used as a proxy for direct or short-term positive impact on the welfare of rural poor people. "Socio-economic development" can be used as a proxy for long-term positive impact on welfare. "Environmental issues" can be used as a proxy for external economic impacts (downstream impacts). In this discussion, we would like to determine if a specific R&D topic is effective for achieving a specific effect; if the R&D topic was supported by 80 per cent or more of respondents it is quite effective (indicated as "A" in table 11), effective if supported by 65 to 79 per cent (indicated as "B" in table 11), and somehow effective if supported by 50 to 64 per cent (indicated as "C" in table 11).
All the R&D topics can be classified based on the expected outcome (figure 3). Among the six priority topics, "pest tolerant variety" was the only topic recognized as quite effective for all three outcomes. We can conclude that this kind of technology is a "Mighty technology" which can realize multiple beneficial impacts on a range of outcomes.
The second group R&D topics, by priority ranking, consists of "economical soil improvement" and "soil conservation". They were recognized as quite effective for "environmental issues", while "poverty alleviation" and "socio-economic development" scored relatively lower. This indicates that respondents recognized these technologies have more economic externalities than short/long term economic impacts. Supposing the budget of a Government is limited, whilst it is urgent to tackle poverty alleviation, these R&D topics would be considered less urgent. Therefore, external support is required for this second group of technologies, namely "pro-environmental technologies", to mitigate the negative impacts of agricultural development.
The third group of priority R&D topics consists of "pro-economic technologies" which are recognized as effective for improving rural welfare both on a short and long-term basis with less expected economic externalities. The group includes "effective input use", "stress tolerant variety" and "food/feed processing technology". They are thought to be quite effective or effective for short/long term welfare improvement but relatively less effective for dealing with economic externalities. 
Note:
Six Priority R&D topics are shown in bold. The classification was conducted by seeing whether each R&D topic received grade A or B (supported by 65-100% of respondents). It is interesting to note that "effective input use" is included in this group, which means that respondents expected the reduction of fertilizer use would have less than positive effects on environmental problems. A possible interpretation is that the respondents are afraid of the negative impacts of reduced input use, especially concerned that reducing fertilizer inputs would result in a deterioration of soil fertility. "Stress tolerant variety" is an effective measure for expanding crop production in disadvantaged areas. However, the results of the survey show the respondents are afraid of the negative impacts of the technology: since the environment in disadvantaged areas is very fragile and the expansion of crop production in these areas could cause negative impacts unless properly managed. "Food/feed processing" or value adding activities are known to be effective measures to augment rural income and generate employment. The survey results indicate that in spite of the positive impact of adding value to produce and products, it can occasionally cause serious negative impacts to the environment such as water pollution and/or odors, which are serious problems in developing regions where environmental regulations are not well implemented.
The I-Index of "labour-saving technology" was low in most countries while it was thought to be quite an effective component of "socio-economic development" based on the survey results (table 11) . This indicates that respondents clearly recognized its long-term impact. Most Asian developing countries have an excess capacity of labour in rural areas. However, if non-agricultural industry is developed in the near future, the surplus availability of rural labour drops relatively. The survey results reflect the respondents' perspectives of rural development in the future. A similar tendency can also be found for "non-food/feed processing technology", "decreasing contamination" and "consumer preference survey", for which it can be interpreted that these R&D topics are expected to be important only after preliminary economic development has been achieved.
(5) Effective steps to implement the research topics
The survey's results of effective steps that should be taken to implement the research topics and realize the expected effect are shown in table 11. While almost all the other options received relatively higher support from the respondents, less than 50 per cent replied that infrastructure development would be a useful measure to achieve the expected effects of technological development.
(6) Differences of attitude among researchers, extension staff and farmers
To reveal differences between the attitudes towards technological development, the survey results were compiled according to the occupation of the respondent (table 12) . Researchers place much more priority than extension staff on "stress tolerant variety", "intercropping technology" and "decreasing contamination". The researchers also place significantly higher priority than farmers on "effective input use", "stress tolerant variety", "economical pest control technology" and "socio-economic survey". Significant priority differences between extension staff and farmers were observed only for "effective input use".
The differences found regarding "stress tolerant variety" between researchers and extension staff/farmers can be attributed to the respondents' expectations of how the technology could contribute to environmental issues. While 60 per cent of researchers expect the development of stress tolerant varieties could have positive impacts on environmental problems, only 39 per cent of extension staff and 15 per cent of farmers felt the same. This result reflects the current status of technological development for plant varieties with abiotic stress. While the breeding of new plant varieties with resistance to pest and diseases is relatively easy because of the limited number of genes that can effectively enhance these characteristics, varieties resistant to abiotic stress, such as high temperature, drought and salinity are more difficult to produce because tolerance to abiotic stress is achieved by more complicated genetic systems and the introduction of a single specific gene is usually insufficient to acquire stress tolerance. As climate change on a global scale casts serious shadows over agriculture, researchers are more interested in technologies to mitigate the negative impacts of climate change. On the other hand, farmers and extension staff are still suspicious of whether the development of stress tolerant plant varieties can be put to practical use.
The difference between researchers and farmers regarding "effective input use" can also be attributed to the respondents' expectations of how technology could contribute to environmental issues and boost intellectual resources. While researchers thought that efficient agro-input use could reduce negative impacts on the environment through reducing the runoff of nutrient from farmland, farmers worry that any decrease in agro-inputs would deteriorate soil fertility. The level of agro-input use in developing Asia is still lower than that of industrialized countries (table 4) . However, in some specific areas, commercial crop production has been intensively implemented and the overuse of agricultural chemicals has become a serious environmental concern. Researchers pay attention to the overuse of inputs, while farmers without access to adequate input supplies gave less priority to this.
The reasons for the differences in priority between researchers and farmers on "socio-economic survey" seem to be contradictory. While researchers gave more priority than farmers to the subject, farmers expect more positive impacts on poverty alleviation from the socio-economic survey than researchers. There is no doubt that accurate information about the economic situation of farm households can be used positively to formulate policy measures to alleviate poverty. However, the results of the current survey have shown that researchers are less confident that the conclusions of a socio-economic study can contribute to poverty alleviation, although they admit the importance of the socio-economic study in general. More attention should be paid to promoting a socio-economic study, which could result in actual beneficial impacts on the welfare of the rural poor, as well as, producing scientific findings.
V. CONCLUDING REMARKS
This article highlights the level of priority placed by survey respondents on selected R&D topics in order to realize economic development through agricultural diversification using secondary crops. It also shows the trends of agricultural diversification by calculating SID. The article draws the following conclusions:
• The recent SID trends shows agricultural diversification in Asian countries has stagnated. The extent of diversification is determined by various factors. Above all, technological development has a crucial role because most developing countries focus their R&D activities on major cereals and less attention had been paid to secondary crops. Secondary crop production in developing Asian countries has a comparative advantage in international markets and offers better profitability in disadvantaged areas, especially upland areas that lack irrigation facilities. Therefore, appropriate support to R&D activities focusing on secondary crops will produce positive impacts on poverty alleviation in rural areas.
• Among the R&D activities concerned with agricultural diversification, cost-saving technologies, such as improving soil fertility with local resources (green manure crops, compost, etc.) and the development of varieties with high pest tolerance, which can reduce chemical fertilizer and pesticide inputs, should be enhanced. Labour-saving technology received a low priority ranking, which could contribute to cost reduction but may produce negative impacts for employment unless alternative job opportunities are created. However, if the non-agricultural sector is developed in the near future, the surplus availability of rural labour will decrease. R&D on labour-saving technology should be encouraged based on a long-term perspective.
• Researchers as producers of technologies, extension staff as mediators and farmers as end users of developed technologies have differing priorities and concerns surrounding technological development. Farmers themselves diversify their technological needs based on their economic situation, current cropping patterns and location of their fields. Farmer's technology preferences are poorly defined in cases where there is high diversity in environmental conditions, which is generally the case with small, poorer households (Menter and others, 2004) . Moreover, the survey has shown that researchers may accord higher priority to research topics for which they are not confident of the actual impacts on poverty alleviation. To reduce these knowledge gaps among stakeholders of technological development, dialog among researchers, extension staff and farmers should be nurtured.
• The survey has provided an example of a prioritization process and interpretation of survey results. It should be noted that the results of the survey indicate only the rough direction of technology development. In addition, nearly half of the respondents are researchers and research managers. It is vital to keep it in mind that the survey results may be biased to the preferences of people who work in research institutes. Therefore, it is necessary to conduct further analysis using a participatory approach to identify specific research topics that can meet the practical needs of the end users of the developed technologies. We hope that the results of the survey will provide a good opportunity for all the stakeholders to consider an R&D strategy that can contribute to the overall goal of technological development, such as poverty alleviation and environmental conservation.
